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The ultrastructure of the interphase cell and the ultrastructural details of mitosis and cytokinesis are described 
in a blue-green stigma-containing Chroomonas sp. isolated from a tidal pool in the Rocky Bay region of the Natal 
coast, R.S.A. This taxon resembles Chroomonas sp. 978/2 and C. mesostigmatica but can be separated from 
Chroomonas sp. (Gantt 1971), C. africana and C_ placoidea on the basis of its number of periplast plates. The 
periplast plates are relatively large in the Rocky Bay isolate and observations of cells undergoing mitosis and 
cytokinesis have shown that the plates increase in number only during cytokinesis or once the daughter cells 
have separated. The sequence of events in mitosis and cytokinesis are similar to those observed in C. africana, 
but are Significantly different in some respects from cryptomonads without stigmas. The taxonomic implications 
of these observations are discussed. 
Die ultrastruktuur van 'n sel in interfase asook ultrastrukturele besonderhede van mitose en sitokinese is by 'n 
blou-groen Chroomonas sp. met 'n oogvlek, ge'isoleer uit 'n gety-poel in die Rocky Bay-gebied aan die Natalse 
kus, R.S.A., ondersoek. Hierdie takson kom met Chroomonas sp. 978/2 en C. mesostigmatica ooreen maar kan 
van Chroomonas (Gantt 1971), C. africana en C. placoidea onderskei word op grond van die aantal periplastp late. 
Die periplastplate is betreklik groot by die Rocky Bay-isolaat en waarnemings op selle wat mitose en sitokinese 
ondergaan, het aangedui dat die plate slegs in aantal toeneem tydens sitokinese of nadat die dogterselle geskei 
het. Die opeenvolgende gebeurtenisse in mitose en sitokinese is ooreenkomstig met die waargeneem by C. africana, 
maar verskil beduidend in sekere opsigte van kriptomonade sonder 'n oogvlek. Die taksonomiese implikasies van 
hierdie waarneming word bespreek. 
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Introduction 
The Cryptophyceae, a small group of distinctive biflagellate 
algae, is known partly for the problems relating to its taxo-
nomy. Although the representatives are easily identified as 
members of the class, natural groupings withing the class are 
not easily distinguished_ Species are difficult to define because 
sexual reproduction has not been observed with certainty and 
species epithets have to be based on morphological, ultra-
structural or biochemical features (Butcher 1967)_ Identi-
fication is complicated by the small range of morphology, 
overlap of characters and considerable morphological varia-
tion. The integradation of taxa makes it difficult to delimit 
species_ Current workers suspect that many of the described 
species are various forms of the same taxon and are of the 
opinion that these plastic masses of related species should be 
described as single variable species (Santore 1982)_ To date 
these ideas are largely speculative because taxonomic work 
is hampered by the superficial nature of the taxonomic 
descriptions_ Light microscopic features have proved inade-
quate and few comprehensive descriptions of taxa incor-
porating ultrastructural features exist. Taxonomists are still 
searching for reliable taxonomic criteria that are not only 
genetically fixed but also phenotypically constant. 
One such feature, the periplast, has attracted recent atten-
tion. The scanning and transmission electron microscopes have 
provided several useful characteristics of the periplast that can 
be used to delimit taxa into groups (Santore & Leedale 1985) 
but it has been suggested that the periplast features, e.g. 
number, shape, size, etc. may even be useful in establishing 
species (Gantt 1971; Faust 1974). To date detailed information 
on the periplast features of different taxa is limited, as well 
as important information on the formation of the periplast 
plates. If, however, new periplast plates form prior to cell 
division when the cell surface area increases, then quantitative 
characters such as the number of periplast plates per cell may 
be unreliable and could result in the incorrect identification 
of species. 
The taxon used in this study is a blue-green stigma-con-
taining isolate of Chroomonas, from Rocky Bay, Natal, South 
Africa. Although it resembles C. mesostigmatica (Dodge 1969) 
in many respects, Chroomonas sp. (RB 83) has been described 
in detail in this report to avoid the confusion that results from 
incomplete descriptions. The mitotic and cytokinetic se-
quences, shown in the stigma-containing Chroomonas africana 
to be different from other cryptomonads (Meyer & Pienaar 
1984b) were also investigated. In this report Chroomonas sp. 
(RB 83) is compared and contrasted with similar blue-green 
stigma-containing cryptomonads that have been described 
using the scanning and transmission electron microscopes. 
These include C. mesostigmatica (Dodge 1969), Chroomonas 
sp. 97812 (Santore 1982), Chroomonas sp. (Gantt 1971), C. 
africana (Meyer & Pienaar, 1984a) and C. p/acoidea (Meyer 
& Pienaar, unpublished). Chroomonas sp. (RB 83) has few 
relatively large periplast plates so that the cell lends itself to 
a study of the formation of the plates. Preliminary obser-
vations are described and the taxonomic implications of these 
observations are discussed. 
Materials and Methods 
The taxon used in this investigation was isolated from a water 
sample collected from a tidal pool (salinity 35 %0) at Rocky 
Bay, Natal, South Africa, in November 1983. It is main-
tained in culture in the Department of Botany, University 
of Natal, Pietermaritzburg. The organisms are routinely grown 
in ES Provasoli (Bold & Wynne 1978). The techniques used 
to study Chroomonas sp. (RB 83) were similar to those used 
for C. africana and have been documented in detail in an 
earlier report (Meyer & Pienaar 1984a). The only difference 
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in the preparation of the cells for ultra-thin sectioning was 
that the primary fIxative was osmotically balanced with 0,3 M 
sucrose. Attempts to obtain synchronous cultures were un-
successful but adequate numbers of dividing cells were 
observed in samples fIxed in the second half of the dark cycle. 
Observations 
Chroomonas sp. (RB 83), is 5 - 8 11m long and 3 - 5 11m wide. 
In exponentially growing cultures the cells are blue-green but 
fade to lime green, and then yellow as the cultures age. The 
phycobiliprotein extracted from the cells is blue and exhibits 
the absorption maxima of phycocyanin 645 (Siegelman & 
Kycia 1978) peaking at 583 nm and 645 run. 
Under culture conditions the cells produce a loose fibrillar 
mucilage that holds them together in irregular palmelloid 
colonies. In the colonies the non-motile cells are variable in 
shape. The motile cells are oval (Figures 1 & 6) to flask-shaped 
(Figure 4). The anterior and posterior ends are rounded. Live 
cells viewed with the light microscope have a conspicuous 
central stigma. The two subequal flagella are pleuronematic 
i.e. they have flagellar hairs on both flagella (Figure 4). 
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The periplast is made up of relatively large periplast plates 
(0,62 - 211m). The smallest plates occur at the posterior and 
anterior ends of the cell, and the largest in the middle. There 
are 1 ° -11 rows of plates and 6 - 7 plates in each row (Figures 
2 & 5). Sections of the periplast show that the plasma 
membrane is reinforced with both an inner and outer com-
ponent (Figure 3). 
The arrangement of the major organelles is illustrated in 
Figure 6 (longitudinal section) and Figure 9 (transverse 
section). The subapical invagination referred to as the vesti-
bulum (Gantt 1980) extends longitudinally to one half the 
length of the cell and has an oblique branch. The flagella are 
inserted at the base of the longitudinal invagination of the 
vestibulum. The oblique branch of the vestibulum is lined with 
large ejectosomes. Smaller ejectosomes are located at the 
periphery of the cell at the anterior corners of the periplast 
plates. 
The peri plastidial compartment, bounded by chloroplast 
ER, is well defined in this taxon and contains within it the 
chloroplast, pyrenoid, stigma, starch grains, cytoplasm and 
nucleomorph. The chloroplast has a dorsal and ventral lobe 
Figures 1- 5 1. A motile cell of Chroomonas sp. (RB 83) viewed with the light microscope. (Magnification 640 x). 2. A scanning electron 
micrograph of a motile cell showing the arrangement of the periplast plates. 3. A section of the periplast showing the outer and inner components 
(arrows) reinforcing the plasma membrane (pi) and a small ejectosome (e). 4. A shadow cast of a motile cell showing the bilateral arrangement 
of flagellar appendages on the long flagellum, and the single row and basal tuft (arrow) on the shorter flagellum. S. A shadow-cast of a cell 
showing the detached outer components of the periplast plates, and some discharged small ejectosomes (arrows). 
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which are posteriorly connected. The pyrenoid is generally 
stalked and forms a bridge between the two chloroplast lobes. 
This pyrenoid bridge also bears an anteriorly directed spur 
of the chloroplast containing the stigma. The nucleomorph 
is characteristically positioned adjacent to the chloroplast spur 
and close to the stigma (Figures 6 & 9). The stigma is made 
up of numerous carotene globules (50- 80 nm) arranged in 
a single layer along the flattened end of the chloroplast spur. 
Adjacent to the stigma bordering on the chloroplast envelope 
is an elongated vesicle, and in close proximity to this vesicle 
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are one or· more large spherical vesicles that are evident as 
conspicuous refractive bodies in live cells. 
A single dictyosome is located in the region of the fla-
gellar bases (Figure 9) and a single simple mitochondrion 
extends throughout the cell but is particularly evident in 
the region of the small vesicles at the anterior end. No 
contractile vacuole is evident in this organism when it 
is grown in sea water (35 ° I oo) but when placed into fresh 
water these small vesicles combine to form an active con-
tractile vacuole . 
. Figures 6-8 6. A longitudinal section of a motile cell of Chroomonas sp. (RB 83) showing the arrangement of the organelles. 7. A longitudinal 
section through the flagellar base region of a cell in prophase to show the periplast plates. 8. A serial section of the same cell as (7) to show 
the microtubules (arrows) extending from the flagellar base (fb) to the nucleus (N). Chi -chloroplast; D- dictyosome; E- large ejectosome; 
e - small ejectosome; es - eyespot (stigma); fb - flagellar base; M - mitochondrion; N - nucleus; ne - nuclear envelope; run - nucleomorph; 
P - pyrenoid; S - starch. 
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Figures 9 -16 9. A transverse section of a cell of Chroomonas sp. (RB 83) in early prophase with microtubules (arrows) forming around the 
flagellar bases (fb). Note the position of the nucieomorph (nm). 10. The carotene globules of the stigma (es) are incorporated into the pyrenoid 
bridge (P) and align themselves in several rows across the pyrenoid. The nucieomorph (nm) moves into a position adjacent to the carotene globules. 
11. The chloroplast-limiting membranes invaginate (arrow) separating the carotene globules (es) into two equal groups. 12. The daughter chloroplasts 
separate and the nucieomorph (nm) moves into position between the two stigmas (es). 13. The nucieomorph (nm) becomes dumbbell shaped. 
14. The inner membrane of the nucieomorph (nm) constricts first followed by the outer membrane (arrow). IS. The two nucieomorphs (nm) 
lie adjacent to each other in the cytoplasm of the peri plastidial compartment. 16. The chloroplast ER (arrow) invaginates separating the peri plastidial 
compartment into two. A microbody (m) occurs in the cytoplasm at the point of the invagination of the chloroplast ER. 
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Pre prophase 
Before mitosis commences the chloroplast, nucleomorph and 
contents of the peri plastidial compartment divide. One of the 
first indications that cell division is imminent in Chroomonas 
sp. (RB 83) is that the carotene globules of the stigma in the 
chloroplast spur become incorporated into the pyrenoid. Once 
in the pyrenoid they align in several rows across the midregion 
(Figure 10). Division of the chloroplast commences with the 
chloroplast-limiting membranes invaginating in the midregion 
of the pyrenoid bridge, separating the carotene globules into 
two equal groups (Figure 11). 
The nucleomorph occurs in the periplastidial compartment 
adjacent to this invagination and once the division is com-
pleted it occupies a position between the two daughter 
pyrenoids (Figure I2). The nucleomorph begins to divide and 
division is similar to that described in Cryptomonas sp. (8) 
(McKerracher & Gibbs I982). The nucleomorphs become 
dumbbell-shaped (Figure 13) and several were observed with 
an extended midregion containing a single row of electron 
dense globules. The inner membrane constricts first followed 
by the outer membrane (Figure I4). The constriction of the 
nucleomorph membranes continues so that the globules are 
evenly distributed to both daughter nucleomorphs. The 
nucleomorphs lie adjacent to each other in the cytoplasm of 
the periplastidial compartment (Figure I5) until the chloroplast 
ER invaginates, separating the compartment into two. A 
microbody occurs in the cytoplasm at the point of the 
invagination of the chloroplast ER (Figure I6). 
Before mitosis, the cell rounds up and the nucleus moves 
into position behind the flagellar bases (Figures 7 & 8). The 
flagellar bases replicate and the two pairs move apart. Micro-
tubules radiate between the flagellar bases and from the 
flagellar bases towards the nucleus (Figures I7 & I8). Once 
the flagellar bases have replicated the Golgi divides into two 
dictyosomes each with 7 - 8 cisternae and the two dictyosomes 
move to opposite sides of the vestibular region (Figures I9, 
20 & 2I). 
Prophase and Metaphase 
Stages of prophase viz., the breakdown of the nuclear 
envelope, the condensing of the chromatin material, and the 
organization of the chromatin material across the longitudinal 
axis of the cell were not observed and probably occur very 
rapidly. The nuclear envelope does not disperse completely 
but persists in small vesicles around the spindle region (Figures 
22-26). 
At metaphase, the chromatin material lies across the 
longitudinal axis of the cell. The spindle is barrel shaped ca. 
3 J.l.m long and ca. I ,4 J.l.m wide. The microtubules radiate 
from the flagellar bases. Two types of microtubules are 
observed; some microtubules are ' free' i.e. they pass through 
the chromatin material without attaching to it (pole-to-pole 
microtubules), while others appear to terminate in the chro-
matin material (chromosome microtubules). No kinetochores 
were observed. 
Cells in prophase and metaphase sectioned both transversely 
(Figure 22) and obliquely (Figure 23) do not show any changes 
in the number of periplast plates. 
Anaphase and Telophase 
The chromatin material moves apart in two masses (ca. 
0,4 J.l.m wide). The chromatin material at the posterior end 
of the cell moves at a greater rate than that located anteriorly 
(Figure 26) so that the chromatin material arches around the 
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flagellar bases to form a saucer-shaped configuration (Figures 
27 & 28). Spindle microtubules radiate from the flagellar bases 
to the chromatin masses. In telophase the nuclear envelopes 
reform from small vesicles of the nuclear envelope that have 
persisted throughout the process of nuclear division. The 
nuclear envelope reforms along the convex margin of the 
chromatin masses against the chloroplast, and then extends 
around the blunted ends to meet on the concave side closest 
to the flagellar bases. The new nuclear envelope fuses with 
the chloroplast envelope. Once the nuclear envelopes are 
complete the spindle microtubules disappear. 
Longitudinal and transverse sections of cells in anaphase 
and telophase (Figure 29) do not show an increase in the 
number of periplast plates. 
Cytokinesis 
Cytokinesis generally occurs during or after telophase and 
involves an extending of the vestibulum of the original parent 
cell. The two daughter cells become separated by a narrow 
cleavage furrow extending posteriorly and laterally in one 
plane. A narrow, posterior bridge of cytoplasm connects the 
cells until the final separation of the daughter cells occurs. 
No microtubules appear to be involved in cytokinesis. 
The branched vestibula of the daughter cells begin to form 
at telophase and cytokinesis. The flagella withdraw into a 
depression that becomes the main branch, and a narrow sub-
branch forms adjacent to the large ejectosomes (Figure 29). 
New periplast plates become apparent along the newly 
formed flattened surfaces of the daughter cells (Figure 30) and 
inner and outer components of the periplast plates reinforce 
the plasma membrane. 
Discussion 
The ultrastructure of Chroomonas sp . (RB 83) closely re-
sembles that of Chroomonas mesostigmatica Butcher (Dodge 
I969), Chroomonas ajricana Meyer and Pienaar (Meyer & 
Pienaar I984a), Chroomonas p/acoidea (unpublished) and the 
freshwater strains, Chroomonas sp. 978/ 2 Pringsheim ·(San-
tore I982) and Chroomonas sp. (Gantt I97I). These taxa are 
characterized by their blue-green colour and red centrally-
located intraplastial stigmas. 
One ultrastructural feature that has proved to be of taxo-
nomic value within the class is the periplast. The periplasts 
of the stigma-containing cryptomonads have relatively large 
and rectangular plates, and this feature could be used to 
separate them from other genera (Santore & Leedale I985). 
A comparison of the external morphology of these six blue-
green stigma-containing taxa shows variation in the number 
of plates and this feature could be used to delimit species 
Unfortunately important information is lacking from the 
existing descriptions. 
However, from the information available and observations 
of the published micrographs, a comparison of the periplasts 
of the six taxa shows that Chroomonas sp. (RB 83) is similar 
to Chroomonas sp. 978/2 and probably C. mesostigmatica 
in that it possesses 10- II rows with 6- 8 plates per row. 
These plates vary in size with the smallest [0,6 J.l.m (length) 
x 0,4 J.l.m (width)] at the anterior and posterior ends of the 
cells and the largest [2 J.l.m (length) x I J.l.m (width)] in the 
middle. Chroomonas sp. (RB 83) can, however, be clearly 
delimited from C. ajricana which has 20 rows of plates with 
I2- 26 components per row varying from 0,2 x 0,25 J.lm 
to 0,6 x 0,5 J.lm in size, and C. placoidea with 24 rows with 
I2 - I6 components per row varying from 0,2 x 0,25 J.lm to 
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Figures 17 & 18 17. A longitudinal section through the flagellar base region of a cell in early prophase with microtubules radiating from the 
flagellar bases (fb) and extending anteriorly to line the vestibulum (arrow). 18. A longitudinal section through the flagellar basal region of a cell 
in later prophase to show that the two flagellar base pairs (fb) move apart and microtubules extend between them (arrow) and posteriorly towards 
the nucleus (arrow). 
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0,5 x 0,4 ~m. Chroomonas sp. (Gantt 1971) is similar to 
the Chroomonas sp. (RB 83) in that it has 7 components per 
row, but 15 rows of plates. The plates range from 0,7 ~m 
x 0,35 ~m to I, 7 x 0,5 ~m in size. 
If the number of periplast plates is used to delimit species, 
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then the stage in the division cycle when the new periplast 
plates form, becomes an important consideration. Preliminary 
observations on Chroomonas sp. (RB 83) show that the plates 
are probably formed after the separation of the daughter cells, 
as has been reported in the thecal plate formation of the 
Figures 19-21 19. In early prophase before the flagella have replicated, the dictyosome divides into two new dictyosomes (D) each with 
approximately eight cisternae and these separate and move apart. Small ejectosomes (e) are present in the region of the dictyosome. 20. Later 
in prophase, once the flagella have replicated, the two newly formed dictyosomes (D) move apart. 21. The two dictyosomes (D) move to positions 
on either side of the vestibulum. 
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Figures 22 - 24 Sections of cells of Chroomonas sp. (RB 83) at the metaphase stage. 22. A transverse section showing the general cell organization 
and the number of periplast plates. 23. An oblique section showing the general cell organization and the number of periplast plates. 24. A longitudinal 
section of a cell in metaphase. Spindle microtubules (arrows) radiate from the region posterior to the flagellar bases. 
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dinoflagellate, Heterocapsa niei (Morrill & Loeblich I 984). The 
nature of the periplast, with its plates separated by horizontal 
clefts and anterior-posterior ridges (Gantt 1971), is sufficiently 
flexible to allow for the estimated increase in surface area (ca. 
40 07o) before cell division commences. (This increase in surface 
area was estimated from cells of Chroomonas sp. (RB 83) 
viewed with the light and electron microscopes). That the 
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plates do not increase in number until cytokinesis, or in 
recently divided cells, implies that periplast plate number is 
probably a reliable taxonomic character on which to base 
species. 
The sequence of events in mitosis and cytokinesis in 
Chroomonas sp. (RB 83) are very similar to those observed 
in C. africana (Meyer & Pienaar 1984b), but quite different 
Figures 25 - 28 Longitudinal sections of cells of Chroomonas sp. (RB 83) in anaphase. 25. The chromatin material (CM) splits and begins to 
move to the poles. The nuclear envelope (ne) is partially persistent around the chromosomal region. 26. The two masses of chromatin materia' 
(CM) move toward the flagellar bases (fb). 27 & 28. The chromatin material distal to the flagellar bases (arrow) moves more rapidly than the 
proximal chromatin. The chromatin material arches around the flagellar bases (fb) forming saucer-shaped structures . Microtubules (arrows) radiate 
from the flagellar bases to the chromatin material. The nuclear envelope (ne) begins to reform. 





Figures 29 & 30 29. Chroomonas sp . (RB 83) in cytokinesis showing the basic cell organization and that the periplast plate number has not 
increased. The plasma membrane (arrow) of the extended vestibulum shows no reinforcement of inner and outer proteinaceous plate components. 
30. The recently divided cells of Chroomonas sp. (RB 83). Periplast plates are visible and appear to be forming (arrow) on the newly formed 
plasma membrane. 
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in some respects from those reported in other taxa such as 
Chroomonas salina (Oakley & Dodge, 1976; Oakley 1978), 
Cryptomonas sp. (Oakley & Bisalputra 1977; Oakley 1978; 
Oakley & Heath 1978) and Cryptomonas sp. e (McKerracher 
& Gibbs 1982). 
The division of the chloroplast in the preprophase stages 
of the Rocky Bay isolate differs from that reported in 
Cryptomonas sp. e (McKerracher & Gibbs 1982) because of 
the pyrenoid bridge between the two chloroplast lobes, and 
the chloroplast spur bearing the stigma. Before chloroplast 
division occurs the carotene globules of the stigma migrate 
into the pyrenoid, the chloroplast-limiting membranes then 
invaginate, dividing the pyrenoid and separating the carotene 
globules into two equal groups. As in Cryptomonas sp. e there 
is a delay between the invagination of the chloroplast envelope 
and the chloroplast ER. The chloroplast ER in the Rocky 
Bay isolate only invaginates after the nucleomorph has 
divided. 
Another contrasting feature of the Rocky Bay isolate is the 
association of the spindle rnicrotubules with the flagellar bases 
throughout mitosis. In Cryptomonas sp. and Chroomonas 
salina (Oakley & Bisalputra 1977) the microtubular association 
with the flagellar bases is lost during metaphase and there 
appears to be no obvious microtubular organizing centres. 
However, a strong association between the flagellar bases and 
rnicrotubules was observed in C. africana where the chromatin 
material forms a cup-shaped configuration around the flagellar 
bases in telophase (Meyer & Pienaar 1984b). In the Rocky 
Bay isolate the cup-shaped configuration is not as pronounced, 
but the chromatin material also moves unequally (i.e. the 
chromatin material distal to the flagellar bases moves farther 
and faster) to form a 'saucer-shaped' configuration around 
the flagellar bases. The spindle microtubules radiating from 
the flagellar bases disper~e once the nuclear envelopes reform. 
This sequence of events is similar to that observed in C. 
africana (Meyer & Pienaar 1984b) and has also been observed 
in C. placoidea (unpublished). 
Another interesting feature of the cell division of the Rocky 
Bay isolate is the formation of the cleavage furrow that 
extends posteriorly from the vestibulum. This was similar to 
the process of cytokinesis observed in C. africana but was 
quite different from the posterior constriction of the periplast 
described in Cryptomonas sp. (Oakley & Bisalputra 1977) and 
Chroomonas salina (Oakley & Dodge 1976). 
It is difficult to draw taxonomic conclusions about the 
stigma-containing cryptomonads when so few taxa have been 
thoroughly examined. However, it appears from the available 
information that these cryptomonads may form a distinct 
natural group recognized by their phycobiliprotein compo-
nents, the presence of a stigma, their periplast architecture 
and their mitotic and cytokinetic sequences. Comparison of 
the periplast plate numbers in the six taxa that have been 
studied with the scanning and transmission electron micro-
scopes shows that four different species could be recognized 
to date. Chroomonas sp. (RB 83) is similar to Chroomonas 
sp. 978/2 and C. mesostigmatica and it is probable that these 
are representatives of the same ubiquitous species. C. ajricana, 
C. placoidea and Chroomonas sp. (Gantt 1971) can be 
delimited from each other. 
This study has also provided evidence supporting the view 
that the periplast may serve as a reliable taxonomic criterion 
for recognizing species because it appears to be a genetically 
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fixed, phenotypically consistent character and the periplast 
plate number appears to increase in cytokinesis or once the 
daughter cells have separated. 
In conclusion, this study emphasizes the need to establish 
the species concept within this class. A great deal more detailed 
descriptive work on individual taxa is necessary. Once the 
species are approximately distinguished, the relationships 
between species will be more easily determined and attempts 
can then be made to classify these organisms into natural 
groups. 
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